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THE NUMERICAL CALCULATION OF THE 

FLOW FIELD AROUND A REENTRY   BODY 

By E.   Kennedy and A.  FieLds 

i 
I        INTRODUCTION 

The flow fieLd around the Trailblazer I body ( a sphere with a short cylindrical 

afterbody) has been calculated for three flight conditions - 18,900 feet per second 

at 150,000 feet,   20, ZOO ft.  per second at 200,000 feet, and 20,400 feet per second 

at 250,000 feet. 

In the study of flow fields about blunt bodies at these speeds and altitudes,   not 

only must the classical assumption of a calorically perfect gas be abandoned but 

account must be taken of various chemical reactions which become significant at 

these conditions.    Each reaction introduces a characteristic time which,   if com- 

parable with the time of travel through the region of interest,   will cause deviations 

from thermodynamic equilibrium and consequently some elaborate description 

of the thermodynamic behavior of the fluid is required.     In the case of the 

relatively high altitudes (above 150,000 feet) and the speeds of current interest 

it has been established (Reference 3) that insofar as the gross thermodynamic 

properties (i.e.,   pressure,   temperature,   etc.) are concerned,   it is sufficient 

to consider only the five components N^,   N,  O^ ,   O and NO and further that the 

equilibrium concentrations of these are reached relatively close to the bow 

shock and thereafter remain fixed.    This assumption governs the calculations 

reported herein. 



II METHOD OF CALCULATION 

The method of calculation used at GASL, for blunt nosed bodies of revolution 

has been outlined by Vaglio-Laurin (Ref. 1) and Vaglio-Laurin and Ferri (Ref.   2).    In 

short,  the procedure is to guess a shock shape in the nose region and then to develop 

the flow field in the slightly supersonic region by the characteristics method.    These 

data serve as input data for a calculation of the purely subsonic region.    The result 

of this second calculation is a body shape which may be compared with the true shape 

and,  if necessary,  the assumed shock 6hape changed.    In fact,   it has developed that 

for most round nosed bodies a single guess will suffice.    The calculation in the purely 

supersonic region then proceeds to generate the flow field and shock shape downstream 

of the nose.    These calculations have been programmed for the IBM 704.    There is no 

way in these programs to generate a shock in a nnnuniform flow and so the calculation 

must stop at corners or surfaces causing shocks within the rotational region downstream 

of the bow shock.    In the case of the flow field around the Trailblazer I body,  there are 

two such shocks,  one on the body at roughly 2  1/4 nose radii from the nose and the 

second at the closing of the wake.    If it is desired to continue the calculation beyond 

such a point,  the shock shape must be estimated and conditions downstream of it used 

as input data for the continuation of the original program.    (These programs are being 

extended to automatically generate such secondary shocks and thus avoid the laborious 

procedure presently being used). 

The general procedure outlined above is independent of the thermodynamic 

behavior of the gas about which some a priori assumption must be made.    This assumption 

amounts to deciding which of the myriad possible reactions are significant.    It was 

originally decided to treat nonequilibrium effects as perturbations on a basic flow which 

would be either one in thermodynamic equilibrium or one of constant chemical compo- 

sition along streamlines.    This basic flow field could be done independently and then the 

linearized equations obtained by neglecting squares of the perturbations solved to get 

first order departures from the basic field.    This proposed method was abandoned after 

it was shown in Reference 3 that for the caaes of interest, the mass fractions of the 
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major constituents did not vary (along streamlines) from their initial values behind 

the bow shock.    Furthermore the flow in the subsonic or slightly supersonic region 

was shown to be in thermodynamic equilibrium which made available for use an 

existing program.    The degree of ionization on the other hand could be calculated 

from the reaction N+0>NO+e~,   this to be taken in equilibrium at the temperature 

and density determined by the frozen flow field.    As mentioned above,   the  justi- 

fication for these simplifications results from a detailed calculation of the rate 

processes in Reference 3 and no further discussion will be given here. 

With these assumptions,   the basic characteristics equations were pro- 

grammed for the IBM 704*.    The detailed procedure used was then to assign a 

shock shape and generate (with the assumption of thermodynamic equilibrium) the 

flow in the transonic region.    These data then served as input to the frozen flow 

calculation which kept the composition constant along streamlines.    Since additional 

streamlines entered the calculation as the bow shock was developed,   it was necessary 

to calculate the chemical composition at each new point on the shock.    The significant 

reactions were taken to be N^^ZN,  O2 ^ZOand N+O ^ NO and accordingly,  at each 

point on the shock the equilibrium concentrations of these five were computed. 

* (Very capably by Mr.   Edward Lieberman of GASL) 



Ill RESULTS 

The shock and streamline shapes are shown in Figs.   1,   2 and 3 for  150, 

200 and 250,000 feet respectively.    A cylinder (with radius 1/2 that of the nose) 

has been assumed to extend downstream from the wake shock.    This addition is 

suggested by photographs of actual wakes where the v/ake shocks begin at roughly 

this distance from the axis and furthermore   and possibly inore to the point the 

characteristics equations require special treatment if they are to be used near the 

axis. 

The streamlines sketched in these figures show that the air entering 

the steep portion of the bow shock extends over a large portion of the shock layer 

downstream of the body.    This has been noted earlier (Ref. 4) for the case of 

ther mo dynamic equilibrium.    Not unexpectedly then the density profiles in the 

wake show a relatively constant density over the inner portion and a rapid rise in 

the outer portion. 

The distribution* across the shock layer of temperature,   density, pressure 

and electron concentration are given in Figs.  4,   5 and 6 for various streamwise 

stations.    At stations on the body these exhibit the rather unusual characteristic 

that the temperature is lowest on the body.    This is a result of the assumed con- 

stant composition which does not allow the energy of dissociation to be released as 

the flow expands around the body.    The increasing temperature and decreasing con- 

centration of atomic species in the direction normal to the axis causes the electron 

concentration profiles to have maxima at these stations. 

At stations in the near wake,  the profiles exhibit discontinuities correspond- 

ing to the trailing and wake shocks.    (It should be pointed out that these shocks have 

been estimated both in position and strength and are the more in error the further 

from the body).    It is seen that these shocks cause order of magnitude increases in 

electron concentration and therefore cannot be neglected. 



In the far wake the discontinuities due to these shocks has 

disappeared and the various parameters vary monotonicalLy from body to 

shock. 

IV CONCLUSIONS 

The fLow field around a typical reentry body has been calculated 

with the assumption of frozen chemical composition along streamlines.    The 

effect of additional shocks in the flow field has been calculated and leads to 

order of magnitude changes in electron density in the wake.    It is thus 

apparent that some effort should be made to improve the accuracy of this 

part of the calculation. 



REFERENCES 

1. Vaglio-Laurin,   R.,   On the Determination of Real Gas Flows About 

Blunt-Nosed Bodies,   General Applied Science Laboratories,   Inc., 

Technical Report No.   104,   July 1959. 

2. Vaglio-Laurin,   R.   and Ferri,  Antonio,   Theoretical Investigation of 

the Flow Field About Blunt-Nosed Bodies in Supersonic Flight, 

Journal of the Aero/Space Sciences,   VoL.   25,   No.   12,   December 

1958. 

3. Bloom,   M. H.   and Steiger,   M.H.,   Inviscid FLow with Nonequilibrium 

Molecular Dissociation for Pressure Distributions Encountered 

in Hypersonic Flight,   Journal of the Aero/Space Sciences,   Vol.   27, 

No.   11,   November I960. 

4. Feldman,  S. ,   Numerical Comparison Between Exact and Approximate 

Theories of Hypersonic Inviscid Flow Past Slender Blunt-Nosed 

Bodies,   A. R.S.  Journal,   Vol.   30,   No.   5,   May I960. 





I I   I'ifffifflif ..'.:•!:,,[•L-l_Lil_.I:.;.!,.1^.   I  I I Jill  I..r•! 



—L 

t] 
—- ~— 1 jj _j *~* m H iiii 

• i,           il 

1 ft!: -~— 
4— 

-- • 

.           * X 
1 

  
  ... . 

— 
-. ,. \ , . 

— 
,   '     H   

t \ 

_ O 

J-t 

Sit |t 
••- 

" tH —- — .... — ' — 44 —- ——1  •ftf-H-f— :|  .J::  ——"- _—_  • .... . 1 - 

4tfr fH* 

.25 
i: ii}__ 
4p- 

iia &. 11 
• 

4ii 
•• — \ iiii 

• 

ll .... iiu — iiiiii 

tJ—M 
liil;—_ 

—1 5R^ f(— 
ia^-i . .a..... 

T 
.: !.] ' ^ 

in i - - A !bj^: y -en 
- •-- - - - J  —i——Ui- -T   -1 JJ 

t i          . 
T lit: T 
T -     -t   : 
3 t       ' h 

—ic\ 
~— 

\ ±    i ~: 
\ s_ i VI 

\ f~\ 
•I-   t- 

^4- , 
-UiL   - 

4-J  t  - 
(=& 1  1  . z\ »   )  + 

.J -•-**CI : 
. ^^  . v a   . -t ii _ 

-     FU- i 
t- ^l  - I . \ I ii— 1 
iu. \ -   

» < 

M 
H r "if- 

- 3i- 
L ^4 

(D K ) t 
^77 LL ] I ft t^^ 

> 7 i I t ^\ 

1  , 

\ i 1    A> \ 
V 

\ l 1 t    2 1^ __ 
i \ ^    1 4\ 

JU 
i«n \ I 'A 

O 
O 

n \ 
' 

i_ —-— r I-- -   - -—[— -\ 
-IT 
Ji 

~""~G cn o \ -L — 4 -4- :i   ~ 3 t_L :-j 
^ <\J H 

I — — I_i ii_ — — _L- _ii — iiu — _ii -"• h i -4 1 

• 

1 — 
- m 

o \ I n _J 

1, 
— — IP! 

i ll   ^ 4 Ji, * L ~— —^ - - 4—w- 
• '•" V i kt   : H  

• • 

- \ I HTT 
^. l 

1   3X ' . 
\ 1 

4 : rtn : i 
\ L-                 1 t r      - 
\ \           -4 15 i" 

L_ 1                 ] - 4-v  - i A 1          n - 4+C 
\ J    . J 1 f 

. \ .^    1    -: _     , 3..., 
r 

1 \ 
r^          ^ -     U  wJ 

_ __ _^             wx — - .. 
•• 

— -• — 
— 

_U - — 
— 

— _4   -- ii+i 

Oii| 

^^_.__ 

V- 
4- 

to 

:t---'-: 

B 1 /// 

...... 
/ 7^ 

4-1  

— 

  

— 
  

. 
• 

• 

^ 
- .    . Li , 

_ 
— 

* 

jiii — itl 1  ,: i±. pi 
iiiiii 

—— -^ —,— 
fcfcl: 

. 3_, 

/   / 

7~ ' 

4 
t 
/ 

/ 

. 
/ 

4 - __^ 

- 

700 

\—I 

 1  -- 
i-ii 

. - 
—   

— — — 
— 

— 
-4 

4ii ̂ 1 _^ 
  

— _ 
: --sfc mi .1. ;> 

/ 
/ • 

• 

• "•• --•- -^ •H* uu **  —• -,   _-** 

< ^ 
^& >z <C_,t 

/•• 

\y\j7. V/ 
/ 
/ 
/ / ittz. y^ ' 

%^XZs. // /, ' 

- \fc< 
/ / /A -     vv 77'/ / // / 

— — 

_ 
.   ±t+' 

_____ -^JJI (/, 

'/ 
^ 

% 

li] ___ii 

> -^ |H 
1 ^* 

:. 
•*« -- 

_3   il__L     

 al 

J——i 

-O 

e 

4 
B 
_2 

5 
Is 















































32 
•:::  jilj  :;;;  ;;::  .  ;.       .  :  :.  :;.                   i:!i 

Jigu.] ft 5k 
Temperature Dis I.rit uti on Ac 'OS s S hoc k Layer 

' • ;      1 •     . , |     , | !  

•3 
j 1 j 11; j '!:!,;.:;  i .:!.;:.::•:•: I::::    ....  .       : 

... :..: • 

X" -      L 

• •    • 

1  ::!              !:: 

-li.00 :::: M u, JUU h eet 

! j    !j:; ljL| !::: :•••         .::: !|:|     .: ..,, ::;           ::.: 

!  I| (HI ill:  ! fi  :.;:  i|||  :;.:  ;;.. .... • 

: . . . 
;!:    •!;:!,  ',; 

t\          1 11    ,  ;.:.:::::;;.::::•:::;:; i:  .:!i :::;    hi ! y i 
: ... 

.... 
','.', 1 !l::  :!:i  'Iji 

i 1 ; : i I |:      I 1 1 1 j I I    ! '   '    | i    " : : " 
•    :;1   ij' •              i:i           1             r li           ! !j i ti Iiii 

1    . . I I!!1 jjj 
J,L UU    . . :.    -:1:    :     ,::    .    i !    ! ;..    : \\ 

:    r   >•;• i i   • • -: 11    •   •    h   h   '' h ; h   '>    irJ !     1    ;[ :    1     ::;:  ;:::  ::::  ::::  :;:    i          i     ; il 1 iji! II'! 

,!!! 1 :l :i|l ;|:; ill j r 
1  l|l! || ]    .' 1 !•:•    ::::.,.::::'•::  ::::  :;•:  ::::  ::: 
..:•:.; 1  |  i            |j      :.::.:      ..      ::.':,.:      l\\ il iji :: !:l: 

I    in    ,;;     ;; 

ii 1111 
• \\\ •: .... '.'.'. \ 

i  m  i ii 
Ilii 1111 i!!l    ' 

1:1 i   : 1'    I1HH  ' i:' 1 1: i i '    ;  '; N I  ;::    , 1:'  ;, " ,,:    .... :  : 
H i' 

!;!! i.-l :::i ;il: !::i   :i 

ft'   ::"-lfr#TOtTii W#T|tf{[if H :  H 
_ dj liil I'1 

iii; : 1 : . I j ill 
..:    :::  lljl     |j 

• i •.      j     i       • i :;:         nil f" jt)             IM 1*31 1     1 
X ill |jf! ijli :.'; 

II.1   ft ••• 

I   :    ;   :     11    '1    '        i     u I    I i i   i 1; i rk ' ir iiliiii 
1 ;   !i:i il!l Hi 

-ii' h • 
n i 
iiii :    I ... !|! 

:.::    !;     ::: 
:;•:    ;!     |||    || 

(' i    1                    J    I    .                                      ,    .                     1    .    1               |          ,                     1                     III          '          •    '                     1    '    •     '       L'    •    1 

::::V! lil| ill 
.... 

, i j ii j iiii 

....      laop                                       v 

fed :&LM\&M.A-MWI -Uii IiL^-Lli--liU. \   1   ! iii 
i j ii 
ijil l| j 

ill;      Ml1      ill 

.   *•.      .    ; i! :      .:.           •:..;•.;;.:.:    .    .:     ,,i 
• '•   ' t      i      *      i     i     i      11 • •i i ' 

hi v! I 

^.^T I j i j .. i. 1      :! 
 ' *    11 ......      ,    iii 

ll      i',       i 
1!           i     I              M           -             •       :;     ! 

i 1 iffi ll'l |||j 
l-jl , ! . '• 

•   
• i ; i . 

"^"Tr;Tij MWtiittTr'Tjr+ii/4!!!TTTTTTTTJI 
<t>      v r fin                      '; ;   ;, 

Jj! 
• : 

AfliJii-Ur Ufe-i-llU! -ill Jill 11-- 111- ^1 ii:i 1 i\ 
•  • 

ll ii i  i'h 
i      ii i 

v III 
Ml             II        I 

! 

i     '       :  i' ; '; 

il fi i PI j i 
ijjj 

III! 

I'M 

IIII 
i i: . 

i i i   II • i i 

i-lji:< ii i; .ii in U • i j ii' \ 
., ! :: 

111 
111   11 ii 

~  .       tUU                    !'  :' 
 i^^L:Zl..lt„::llli.4i::Ji..ll::lii..ll: 1.1 HI |! 

: 
V 

i    '        l     '  i    '       hi     Hi Hi     M 
1'   + "l±lli! 111MlilllL.''' 1+flJ"'  : \\\ ! Hi! 

ll I , . ;;:; Ii!: : Ii 1 1: ;ili 

i         H ""'•"'fir '     i     i     i     nil 
It   j 
II 

\ m ifftjfti 
LUI m m m 1    1                       !           1       '-    1 

if           "•"       l        1 •  ;    I'i!   1     H <            i_      [     t |                     j                     I | !• t     •               'i        It'll            I'M 
I it^ | in lljl •      • ': Hn :'.!' ' 

•""• 1 1:130 ',•  "T '1 ' ,i   .Ml          i.   'H   M    """" 
i4-.il,. iBlUlUJl ill L;::iillfli:d ii! iiii 

•• 

.'   , : .      : . .   . 
,.! iiii till 

tTj[]it|)|t| "II Alffttt :||f 4   ::   -;'-|tl:-4 II       ; 
jjj    jj| 1  I  I 

f rB ll-ll:> '••••ml[:M 1 iiii    ii I'M 
•: ,  .  . ' 1 ' ! .Iii    l;: 

i i i!: ill! ill   iH 111       it! !|! ll1 ill :i< 

;           , > /-> n ;   •'              " ' '   i 1      '! M  " '    ;   ' ' 
TnTittj 

• 
,. . !:!, :    : 

; !    . -—4 00  :::' ! i! ::         '  Ii   •••' hi 
i      :      •      .".::.;.  ::         ;:  :  ::  :;::  ::::  .:.:   || 
1          !                     1     '      i r   ' '          I       !:; MM .ii' 

il ii 

| j       iji    ill;  I  ::  :;i!  | I       I    \vt\    { j  !   |  ;       i{;| 
i:;l ! i ' 1               ! '•! j 

ii '   '     ;: : .      !j        !      i           :j        1   j      1    ' :;:! 
1        .1     !           i  1 Irl  1 III 
 '  ' l|    1         |  Ml!    !         1'                  ill    !;  '    :!! 

1       1   II |h|!i !|j   I       ||     'll         I.|     |t:M|ji i:il j|;i 

4"U        
:.():;                  ||l.!ij                   \\\4'-\ 6 .1 i 1 ,Q....__ .... ..„ 

l|   1 !  | M  ; II'I III  jii  ill  'ill [1(1 iiii 'Hi iiii ;•:•  '.! 

lljl II   ;;:£)is1ance Acr 
' f It H- *f 111                       ......            |,,    .... 

OS!)  SI IOC k L ay< •r, y 
• 

T ' m11 M :  'i[r:ir iiii ii- iiiTTiii iin 
Ill         II                                     'l 

ll'jlili •: 









jvised 5/31/6L 



















45 

Iii||lllj{|li|l]jl| tiii :' ii;; 
H      1 

... .... 

it- -?TT HJlilli    i l j j 1 
EiJ ;ii r 3 6 i<i 

: iii! ;;;; 

i 
jleuM^ lit! 

-iisi ;y!i]H!9 :rilmt] on Ac roe s" £ h o -k _ia\ er i.;: • 

! '. I ' 

' U' 
1 ' ill Ik.     1 lllliliiiiiiililliM iii! 

"',',', iii; :'.j] j|ji li:; 

Ij           \T 
1          "1     t   *       ' 

:•:    ::::  !  

i 'iil !'      1   !;:: ill: HI!   
:   : .   . 
:    :       : 

.... 
:::' ! ! i ! 

I .'^ c  = 23 
;i;' !!:! i  .  • 

t   1   ''I   -1 
til  i :     i  i; i I! iiii •  T  1 

i  1   1 
  

SO ,-fifi 0 f ppt 
jjj; 

. 

1         7:. 0 
A\ M i lili til ikiiilk. 

nil 
t 11 ; fi J 

:::::: 
::   : 
III! 

tin 
j  !j • 

i 
i lili 

ill ijl! ! i; 
::.. 

iii; 

ff }%\ "till     .    ..    ;     : 
Mil]/! ill!!:   !! |l i )  \ |iiiT i  ii i 1 

1 
:li- I'M 

i:. i 
lili 

HJJU i il|j  Hi ilii ;i|i Ilii 
:   ::::    ::.:::    II h ![; 

:  •: 
1 

... 
; i i 1 ii' !i: lli .'.: iiii 

II    Hit ! 

U:' :      :' 
; mi    J.  ;!:   ;;:: :J- 
it    ij   ;;;     i) ::;; ; ; ; 

•    •    : 

lilt  lj|l 
IIII :;:; Ipjllj] ii • ; Iiii 

|j iii 

Ilii! !, V; i|!i ,|!    .ji; :... 

::V;:: ;::• I'll    :.: i 
' i'    ill 
 : •:;i , . . iiii 

:;i! i::i iii! iiii III i i! 

if^P iiikaiii iiiLiiii HI I}]] iii   Ii; 
111    ii: ihhii! i!!! ill! i5!! ill! . i i 

iiii 
'• '• ! 1 

Ml ii:: 
,    -TIT    r   ' 1 V .  ,v 

ii ;; i;   \ i: 11 ; i 
HI iii; lil  

:i;;   h| 
:;; i 11 j j I!' 

•:.: iiii i:: i i, 

iiii ;!':! lili ill 
'': i 

! It it!  1 E 1 
kiioi: ; Sllili ii!! iiii m ;;ii :;;! i i . : 

i i 

.... 
:::i 

! IJ! 
.    1 . 

i:i' :!'; :ii: ill i 1 1 iiii 

: :; tjOj ;i ; ! 
! KJSt !;    ; BSffi ! HM iiii •   • 

in. 
||{ j , I iii 

i   1 !w Pi    * 

1111 HI M iii I'll iH i-li 
Hi! ill! 

::::    ::; 
iiii iiii 

i"; 

.... .... 
[ 1 } . ' ! 1 ! 

!l!i HI ••'!       \ 

n :;!!;!' i i   'ill Mil 
vi;l {]( THJIHT .... ill; III! ||ii .... ii: iii: 

! I ! ! I 
11 : 
< i i 
ii Ill 

!; ;:„:    1   : ;:  ::;.  ::::  ::';  :..:  :::: 
i IV 

'' I i 
; 11     :11 i-.; :;ii 

:iii :: i i ' i iiii iii 
tr    ;.„.   Hi : 

- £11111 
t; !-•;"" .          | .ill.! 

HI \ • * 
i\ 

||     . . 
tl   (! 1 

H ':;: 
Iii: iiii iiii . , . , i:ii 

:::::.:   i | i|,     Mi ;::! 
 i    i-        i • 1   Mi   i • • • 
:;    :::    II j    !|    IIM  :: iiii iii! iiji Ijl! r ; • t 

iiii 
:: . •i 

::;: 

r ",!:;    ;.;    ::    ,;.    :... 
!| 

i li iii 
•! • • I'll 

I ! ! 
Iiii 
In; iiii JLkU+i • ;!:'!kiJl 1 m ]i 

ilii ! •)   | tiii iti   Li ill 
1    :    !  ::::  :::    ;    :  ::: 

• -1 
iii 

rfy tt jj! [|i| iiii iii; 
i; 

.... 
in; ilii 

"id -;;<3   : :: 
!.:: : :wi .: ; ::::'::;::    :,::::::::: i ;i .... 

\ 
• • 

. i ! !':: 

::: Uffl  tU    U 44' lU-t '•'••   1 Hi : :      { iiii i.i I i 
;; | MM ! ! ', '    '.',',' 

!;! 

1 pll ilki44^kii^:::: 
i'i-i 

ft 
i 1 

1:: 
•\\\ :!!; \ hi: !!!' jjj! 

1=111 tl v   • t ! :: 1   ! | , ; i. 
HijiiliiiiiUilii i!;: 

t  : l!l 
'.;:;  ;;:; X iiii iiii 1 ' i 

ill' Iiii iiii 
U 1.11 !:•»:< w 

klJiiki; ii! j! iii: Iiii 
' . ! . 

: :     IIJJJ    :: 
:;:     ::  ::     :: 
;;      • ] •   ;;       ;; }l;•;; ;;•: :!ii ::n:;:; iii •tit i!i! 

: Vi 
lit j   I i ;: .::  7TT   ::: 

; ;:;   III; :! ; ;:;; :;:: ill iii: ;;:; :::: 
Hu   tii 

i • !',   - A ' 
! , . , • -1' 

lipl .   .;.    !    I   , i   .   i   , •   .;. 1 

i .i: i ! ii; tijrkj \v\ ill 
1 t 1 t ii;! iiii ilijil iiii '•: 

, • • • iii: 

iii"8 1 I'. iii! III! t+i 1 i r < t 

pjfjj 1 rl .'.'•'. :.:: 

: :y  W Hi  ETT1 ':'\y,  [jjj . -., ;!!! —— — 
-rl | -    , . . .     • , . ,     . ;; iiji ij!| [ill It! ;;• n • * 

iii :::  •  •: i,:i 

iifl :::: till :; 

:;:: ;::;  ::::  :: •::: THT :i,:  |j]| ' !' ' "i 

till fir    !:::  . 
 4  0 

it  ':.    :          ;:  ; 1 j;  ,';:: : i:i: ;::i 1 
!.<',;;            .<,.: m : 

: .i »     j . I L. 0 

S iiii iiii Ii :: lili Ilii •;•• !ii; ijij !:!. 
JDisJiuu 

! 
ay tr .'•  v 

. :!:: 
1 

i:i! iii: iii: :i 
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TABLE I -MASS FRACTIONS 

Streamline 

No. 

moz rm0 "»« m*> 

.00014 

150, 000 Ft. 

. 6110 L .235 . 1480 .0062 

2 .00031 .233 .0963 .6627 .0093 

3 .00035 .2 32 .0871 . 6718 .0097 

4 .0016 .228 .0185 .7375 .0158 

5 .0088 .215 

200, 

.0031 

000 Ft. 

.7476 .0269 

1 .00005 .236 .2200 .5410 .0028 

2 .00008 .2 36 .1941 . 5669 .0033 

3 .00008 .235 .1572 .6027 .0042 

4 .00013 .235 .0975 .6620 .0050 

5 .0146 .212 

250, 

.0008 

000 Ft. 

.7507 .0218 

1 .00001 .2 37 .2460 .5160 .0012 

2 .00002 .237 .2190 . 5427 .0015 

3 .00003 .237 .1888 .5720 .0020 

4 .00004 .236 .1347 .6259 .0023 

5 .00064 .2 34 .0090 .7499 .0059 

Attached:   Revised Figures L,   2 and 3. 


